CANCER STEM CELLS -A PROVOCATIVE CONCEPT
Whether classifi ed as "tumor-initiating" cells, "cancer stem-like" cells or simply "cancer stem cells" (CSCs), this small population of highly undiff erentiated and slow cycling cells is implicated in early molecular events linked to cancer development as well as in tumor progression, recurrence, and development of chemotherapy resistance (1) . During the last decade an increasing amount of scientifi c reports yielded proof of existence of a subpopulation of cells within tumors bearing the main characteristics of stem cells in normal tissues: quiescence and capacity of self-renewal and diff erentiation (2) . Specifi c signaling pathways controlling normal stem cells identity were found to regulate the phenotype of this subset of tumor cells bearing "stemness" features (3) .
Th e fi rst report documenting a cancer initiating cell phenotype in solid tumors was published in 2003 in a breast cancer model (4) . CD44 high /CD24 low cells are characterized by self-renewal properties, tumor initiating capacity in vivo, when injected in small numbers (50-100) in NOD/SCID mice, and ability to diff erentiate into cells with more specifi c phenotypes and functions.
Since that report, the fi eld expanded to include most solid tumors, continuously refi ning the cancer stem cell hypothesis. However, the very existence of CSCs remains controversial, as researchers have struggled to defi ne similarities and distinct traits between normal and cancer stem cells (5) . Although CSCs were described by Hans Clevers as "malignant equivalents of tissue stem cells" (6) , it remains open for debate whether cancer occurs by mutations in normal tissue-specifi c stem cells or whether transformation follows in transit amplifying cells or even in more committed cells driving their dediff erentiation to stem-like cancer cells (7, 8) .
It is accepted that CSCs represent a rare cell population within tumors, however their precise quantifi cation has been variable. Th e most extreme report comes from the melanoma models, suggesting that CSCs can recapitulate a heterogeneous tumor from a single cell (9) . Data obtained by injecting mouse lymphoma or leukemia cells into histocompatible mice has challenged the concept of rare quiescent cells driving cancer by showing that at least 10% of these cells can sustain tumor growth (10) . Other studies have reported that this fraction ranges between "0.6%-50%", depending on the animal model and tissue type (11) . Th is partially accepted paradigm has fueled research endeavors in most solid tumors, including ovarian cancer [reviewed in (12, 13) ]. In this review we will focus on the specifi c traits associated with ovarian cancer stem cells (OCSCs) and their potential therapeutic targeting using various modalities -ranging from agents directed towards stem cell markers or blocking specifi c stem related pathways to the use of inhibitors of general oncogenic processes or metabolic pathways fueling tumor growth and metastasis, which also aff ect CSCs.
OVARIAN CANCER BIOLOGY
Ovarian cancer (OC) accounts for approximately three percent of cancers in women according to the Ovarian Cancer Research Fund Alliance (14) . Th e lifetime risk of developing OC is 1 in 75 with the highest rates occurring in women aged 55-64 years. Th e 5-year overall survival is ~46%, rendering OC the deadliest of gynecologic malignancies. Epithelial ovarian carcinomas (representing 80% of ovarian tumors) are classifi ed in four histological subtypes: i) serous/serous-papillary, which is the most common subtype; ii) endometrioid; iii) mucinous; and iv) clear-cell carcinoma (15) . Gene expression profi les vary by histological subtype refl ecting distinct origin (16) . Molecularly, high grade serous ovarian cancer is characterized by a TP53 mutated signature and defi ciency in DNA repair signature, as demonstrated by analyses in the human Cancer Genome Atlas (17) .
Th e cell of origin has been a topic of controversy in the fi eld. Initially, it was thought that OC originates in the surface epithelium of the ovary. Th e ovarian epithelium is endowed with regenerative capacity given by resident somatic stem cells, which were identifi ed in mouse as label-retaining cells, mitotically responsive to ovulation (18) . Gene expression profi ling analyses were conducted on ovarian surface epithelia (OSE) samples collected in vivo and laser capture microdissected cancer epithelia (CEPI) from serous papillary ovarian adenocarcinomas collected from fl ash frozen tissue. Th e results clearly indicated an enrichment in genes associated with adult stem cell maintenance in OSE compared to CEPI. While neoplastic transformation of uncommitted multipotent progenitor cells can confi ne the origin of OCSCs to ovarian surface epithelia, these results may not rule out the possibility that OC arises from other sources (19) . More recently, it has been proposed that OC originates from the epithelium of the fallopian fi mbriae. OC resembles the cellular and molecular characteristics of the fallopian tube epithelium, which is embryologically derived from the műllerian duct (20) . Furthermore, serous tubal intraepithelial carcinomas (STIC) lesions have been described in carriers of BRCA1 and 2 mutations and proposed to represent precursor cancer lesions (21, 22) . New data point to the mesothelium-lined peritoneal cavity (15) as a potential origin of a subgroup of ovarian tumors. A recent report using integrative whole-exome sequencing and phylogenetic analyses of genomic mutations of primary tumors, STIC lesions, and metastatic implants (23) identifi ed diverse metastatic trajectories among the cases studied. Th e core mutation identifi ed in all samples as primary driver of cell transformation was TP53. From that fi rst molecular event, three distinct routes of dissemination were characterized: fi rst, coined "basal STIC", in which STIC represents the initiating event; second, termed "parallel" dissemination, in which all branches developed independently from the same precursor; and the third, named "STIC metastasis", in which the STIC lesions appears to be a metastatic deposits originating from a primary peritoneal site. Th e latter was an unexpected discovery, as there was no previous evidence of OC cells metastatic to the fallopian tube. Th is latter theory is supported by evidence from other models. For example, the linear stepwise model of cancer progression from primary lesion to metastatic implants, with constant accumulation of genetic mutations, has been challenged by the discovery of parallel progression pathways in breast cancer models (24, 25) . It appears that not all cells populating metastatic sites are derived from the primary tumor. Th at there are cells that leave the primary site very early during progression and evolve independently of those metastasizing at later time points, with more aggressive behavior (26) .
OVARIAN CANCER STEM CELLS
A PubMed search of all published articles on ovarian cancer stem/initiating cells was performed using the following terms: "ovarian cancer" and "cancer stem cells" or "OC" and "initiating cells", or "OC stem cells" or "OC stem-like" or "side-population ovarian cells". Our research retrieved 234 publications out of which 227 were direct studies of OCSCs, with the fi rst being published in 2006. Of those, 194 are original reports, while 33 are reviews (Fig. 1) . Th e fi rst report of cells with tumor initiating capacity in OC identifi ed the "side population" (SP) consisting of cells able to exclude the Hoechst dye as those cells able to generate tumors when injected in small numbers in nude mice (27) . Subsequently, several cell surface markers (such as CD133, CD44, CD117) have been proposed for the isolation of OCSCs from primary tumors or cell lines (see Table 1 ). Other intracellular markers, such as MyD88 or aldehyde dehydrogenase (ALDH) activity have also been recognized as potential Th e heterogeneity of OCSCs became apparent immediately after the fi rst few reports proposed the existence of this subpopulation (29, 30) . It has been suggested that in fact the OCSC population may be composed of subsets of cells characterized by diff erent and distinct markers (31). Th is view is supported by a study revealing a heterogenic portrait of OC tumors featuring clonal diversity and tumor front OCSCs with various properties, such as SP phenotype, CD24 + and CD117 + expression (29) . Also, it is possible that the OCSC frequency varies between tumors. Interestingly, similar percentages of OCSCs were observed in primary ovarian masses and in omental metastases, suggesting that the fraction of OCSCs is an intrinsic property preserved during cancer progression (30) .
Moreover, OCSCs are enriched by culture as spheroids under non adherent conditions and in the absence of serum to prevent cellular diff erentiation (32). During cancer progression, cells modify their cytoskeleton to be able to adapt to new tissue environments. Atomic force microscopy measurements have provided evidence of the "softness" of OCSC as compared to normal ovarian epithelial cells as well as to transformed cells (33). However, when analyzing cancer cell-or patient-derived spheroids, more compact spheres proved to be more invasive than 3D structures with scattered cell distribution (34). Based on their diff erentiation ability, OC spheroids have been classifi ed in two groups -one with multiple transdiff erentiation potency (SR1) and one with a limited diff erentiation potential (SR2). Th e latter could derive from the former by epithelial to mesenchymal transformation (EMT), along with progressive loss of alkaline phosphatase activity, a known marker of (embryonic) stem cells (35). Another study claims that the initiating capacity of OC stem-like cells is an attribute of their mesenchymal phenotype (36). Although still controversial, this phenotypic transformation from epithelial to mesenchymal behavior could account for the cellular heterogeneity found in ovarian tumors, while contributing to the engraftment of metastatic cells (37). Th e possible relationship between OCSC and EMT is extensively discussed in Ref (38) .
Increased CD44 + expressing OCSCs fraction was also found to correlate with recurrence in early stage ovarian cancers (39) and detection of SP cells in patient-derived specimens also correlated with increased risk of tumor recurrence (40). In addition, SP fraction was increased in paclitaxel-resistant OC cell lines (41). Doxorubicin, cisplatin, and paclitaxel were shown to enrich the tumor initiating cell fraction (42, 43). SP cells isolated from malignant ascites derived from OC patients and from mice inoculated with human OC cell lines were enriched in cancer stem cell markers ATP Binding Cassette Subfamily G Member 2 (ABCG2)/Breast cancer resistance protein 1 (BCRP1), Octamer-Binding Protein 4 (OCT4), STELLA-related (STELLAR), and homeobox transcription factor NANOG expression (44). Th ese observations have driven researchers to infer that the stemlike subpopulations might be responsible for both tumor initiation, as well as for tumor recurrence and escape from chemotherapy, as OCSCs are progressively selected by serial cycles of treatment with cytotoxic agents, which are pumped out of these cells via ATP-binding cassette transporters.
Th e rare population of quiescent CSCs within tumors can be identifi ed by the expression of distinct cell surface antigens (CD133, CD44, and CD117) and intracellular activity of detoxifying enzymes, such as aldehyde dehydrogenase 1 (ALDH1), as we show here ( Fig. 2A ). Th us, CSCs labeled with AldeFluor substrate, refl ecting intracellular ALDH activity, and stained with specifi c antibodies directed against CD133, can be isolated by cell sorting ( 
SPECIFIC OCSC SIGNALING AND FUNCTIONS
According to the cancer stem cell (CSC) hypothesis, a residual small population of cancer stem cells (less than 1% of the total population) which possess the capacity to undergo either symmetric or asymmetric division is responsible for recapitulating hierarchically organized human tumor phenotypes when injected in NOD/SCID mice (9) . After the fi rst reports on OCSCs have described putative markers of stem cells and their functional characteristics, more recent work focused on dissecting signaling pathways fueling stemness. Mechanisms found to be active and critical to OCSCs function are the Wnt/-catenin, JNK, NOTCH, and Hedgehog signaling pathways.
Th e current literature suggests that the tumor microenvironment (TME) consisting of diff erent cell populations, including cancer activated fi broblasts (CAFs), adipocytes, immune and endothelial cells, exerts a primary role in protecting CSC from anoikis (45). Within the TME, diff erent cell types defi ne a specialized niche where a complex and dynamic tridimensional network of secreted extracellular matrix (ECM) macromolecules (fi bronectin, collagen, laminin, proteoglycans) (46), mito genic growth factors (vascular endothelial growth factor/VEGF, epidermal growth factor/EGF, and fi broblast growth factor/FGF), and cytokines (tumor necrosis factor /TNF-, and tumor growth factor /TGF-) contributes to CSCs' survival and proliferation. Th e importance of the TME in regulating OC stemness has also been linked to hypoxia, one of the hallmarks of cancer, which substantially impacts tumor development and progression and infl uences survival of OCSCs (47). In growing tumors, where vascularization lags behind and causes hypoxic regions, upregulation of the c-kit receptor has been demonstrated. C-kit is a stem cell receptor that promotes OCSC growth and resistance to chemotherapy via activation of Wnt/-catenin pathway and ATP-binding cassette G2 (ABCG2) signaling (48). More recently, Wnt/-catenin signaling has also been shown to be a critical regulator of stem-like properties maintenance and drug resistance in platinum resistant HGSOC patient-derived xenograft (PDX) models (49). Within the TME, cancer-associated fi broblasts present within the tumor niche secrete FGF4 which stimulates OCSCs and increases their tumor initiation capacity (50). Moreover, OCSCs promote the M2 polarization of macrophages through the PPAR/NF-B pathway (51), thus exerting pro-tumorigenic eff ects, by inhibiting T cells capacity to eliminate cancer cells.
Th ree-dimensional (3D) cell cultures have become a useful tool to closely study tumor characteristics and assess the TME's infl uence in regulating CSC survival and growth. When grown as spheroids in ultra-low adherence conditions, OC cells adopt a more mesenchymal phenotype which is linked to an enrichment in stem cell signaling. For example, OVCAR-3 cells grown as spheroids showed signifi cant diff erences in TGF--dependent induction of EMT, regulation of lipid metabolism, NOTCH and Hedgehog signaling compared to the parental cells (32). Furthermore, TGF- stimulates proliferation of CSC enriched spheroids compared to the control treated cells (52), and genomic profi ling identifi ed Wnt/-catenin signaling as being upregulated and interconnected to TGF- and ALDH in OC spheroids compared with monolayer cultures (53). Additionally, it has been shown that TWIST-1 -a transcription factor that regulates gastrulation and mesoderm diff erentiation during embryonic development and is activated by TGF- signaling -is degraded in epithelial OCSCs while its over-expression correlates with diff erentiated epithelial cells (54). Th is mechanism could have implications for both the metastatic and chemoresistant phenotypes of cancer cells (55).
Elevated levels of gonadotropin hormones including the follicle-stimulating hormone (FSH) and FSH receptor (FSHR) expression in OC correlate with a poor prognosis, and are associated with increased mRNA expression level of several cancer stem cell markers (OCT4, LIN28 and BMP4) (56). Another stemness marker gene, Sox2, was found to be amplifi ed in 26% of serous OCs (57) with negative impact on overall survival. Th e quest to better defi ne OCSCs specifi c pathways continues, as more in-depth characterization of stemness mechanisms would enable the development of OCSC-targeted treatment to eliminate this cell population and prevent tumor relapse and metastasis.
CANCER STEM CELL METABOLISM
+ /MyD88 + putative OCSCs revealed preferred use of glycolysis over oxidative phosphorylation to generate ATP (58), similarly to other multipotent stem cells (59, 60). Another study evaluating tumor initiating cells derived from mouse ovarian surface epithelial cells reported decrease in glucose and fatty acid oxidation with a concomitant increase in lactate production in this cell subset as compared with parental cells. At the same time, this cell population had an increased survival rate when treated with purine synthesis intermediate 5-Aminoimidazole-4-carboxamide ribonucleotide (AICAR), but exhibited higher sensitivity to the neo-glucogenesis inhibitor metformin, as compared to bulk cells. Th ese results suggested that these metabolic traits could make OCSCs more adaptable to changes of the microenvironment (61).
Using two-dimensional gas chromatography coupled to mass spectrometry, Vermeersh KA et al. measured the metabolite profi les of OVCAR-3 spheroid-derived cells (enriched in OCSCs) as compared to those of more diff erentiated isogenic cancer cells and demonstrated other characteristics, such as enrichment of the arginine and proline metabolic pathway (62). Furthermore, using mass spectrometry-based metabolomics, the authors demonstrated that the metabolic responses of an ovarian cancer cells and OCSCs derived from this line diff ered greatly (63). Moreover, when challenged with the drug docetaxel, signifi cant metabolic changes in amino acid and carbohydrate metabolism were evidenced in ovarian cancer cells, while no signifi cant metabolic eff ect was found in OCSCs. Using a novel Raman spectroscopic molecular imaging method, our group reported signifi cantly increased levels of unsaturated lipids in OCSCs as compared to non-CSCs (64). An increase in unsaturated lipid levels was also detected in spheroids compared to monolayer cultures derived from OC cell lines or from human OC specimens. Based on these fi ndings, lipid unsaturation was proposed as a metabolic marker for OCSCs and as a target for CSC-specifi c therapy. Gene expression profi ling correlated the CSC phenotype (ALDH + /CD133 + ) with the increase in lipid desaturases (SCD1) mRNA expression compared to non-CSC. As lipid -oxidation is the most effi cient energy generating pathway, it is possible that OCSCs take advantage of this source to survive and grow (65).
Interestingly, other recent reports proposed abnormal lipid metabolism in human oral carcinoma metastasis-initia ting cells (66). Th ese cells are characterized by increased expression of the fatty acid receptor CD36 and its inhibition was shown to impair metastasis also in melanoma and breast cancer models (67). Other reports support the importance of lipid metabolism for OCSCs and explain why OC cells metastasize with predilection to fat reach tissues, like the omentum. Adipocytes present in the OC microenvironment promote expression of anti-apoptotic proteins and confer chemoresistance of CD44 + /MyD88 + OC cells (68) . Pro-infl ammatory signals released in this environment -such as interleukin 6 (Il-6) -causes an increase of Bclxl, which inhibits apoptosis and enables cancer cells to survive eff ects of cytotoxic treatment. In another report, OCSCs isolated from spheroids were maintained through stimulation by lysophosphatidic acid (LPA), which was secreted and regulated by autotaxin enriched in CSCs (69) . Increased levels of LPA were detected in media secreted by OCSCs as compared with non-CSCs media. Decreased survival was reported in patients whose tumors overexpressed autotaxin, an LPA-producing enzyme. Hence, the autotaxin-LPA-LPA receptor 1-AKT1 autocrine loop was proposed as another pathway potentially involved in OCSC survival.
DEFINING SPECIFIC THERAPEUTIC TARGETS IN OCSCS
Although eff orts to eliminate CSCs have been ongoing for years, CSCs have remained moving targets given their rarity and plasticity (70) . It is now accepted that chemotherapy is eff ective in eliminating heterogeneous tumor cell populations, but leaves behind CSCs, which are endowed with drug effl ux mechanisms and are generally quiescent (Fig. 3) , thus being able to escape the eff ects of cytotoxic drugs. In OC, despite initial response rates >75% (71), resistance often emerges after the fi rst-line treatment with platinum (cisplatin, carboplatin) or taxanes (paclitaxel) compounds and only 30% of patients diagnosed with advanced disease survive beyond 5 years (72). Th is has been attributed partly to persistence of OCSCs at the end of primary treatment. Th e plasticity of OCSC allows them to survive and to be enriched during disease progression as well as after chemotherapy. For example, studies using paclitaxel and carboplatin to treat ovarian xenograft bearing mice showed the persistence of OCSCs fraction following treatment along with the concomitant acquisition of an aggressive phenotype that allows tumor relapse and drug resistance (73, 74) . By using a systems biology approach to analyze expression profi les from 145 human serous ovarian tumors, a stem-like 51-gene signature was found to be correlated with increased risk of relapse (75) . Additionally, it is emerging that even newer biologically targeted therapy might aff ect the survival of CSCs. For example, anti-angiogenic treatment with bevacizumab increases tumor hypoxia, which in turn induces Hif-1- target genes, among which VEGFA, which can stimulate OCSCs. Th is positive feed-back loop allows stem cell escape and repopulation of resistant tumors (76) . Th ese observations highlight the importance of fi nding new modalities to target and eliminate OCSCs. Here we will discuss several new targets and therapeutic approaches recently described (see Fig. 3 and Table 2 ). Epigenetic changes occur during cancer cell reprogramming as well as following cytotoxic therapy. Recent studies showed that ATG4A and HIST1H2BN genes were hypomethylated in OCSCs and their hypomethylation was correlated with poor prognosis (77) . Another study showed that increased DNA methylation of a subset of genes was associated to acquired resistance to cisplatin, and the use of a demethylating agent restored sensitivity to this drug (78) . Our research on the action of the novel DNA-hypomethylating agent SGI-110 (guadecitabine, Astex Pharmaceuticals Inc, see Table 2 ) in OC demonstrated that by inhibiting DNA methyl-transferase activity, the agent reduced the number and the tumor initiating capacity of ALDH + OC cells. SGI-110 also re-sensitized tumors to platinum therapy by allowing re-expression of diff erentiation genes and forcing CSCs into cellular diff erentiation (79) . Other epigenetic modulators could also inhibit CSCs by promoting diff erentiation into proliferative and aggressive tumor cells.
Th e increased activity of a group of bromodomain and extraterminal (BET) family of proteins that recognize acetylated lysine on histones was correlated with CSC associated genes expression (c-Myc, and ALDH), and tumor formation. For example, analysis of the eff ects of JQ1 (Table 2) , a selective BET inhibitor, in combination with cisplatin demonstrated particular eff ectiveness in down-regulating ALDH1A1 mRNA expression levels and inhibition of intracellular ALDH enzymatic activity (80) . Th e decrease in ALDH1A1 expression and activity in turn signifi cantly aff ected spheroids proliferation by depleting the CSCs population. Increase of histone H3 trimethylation at lysine 27 (H3K27me3) was correlated to diff erentiation of both normal and cancer stem cells. A recent study indicated that GSKJ4 (Table 2) , a selective Jumonji H3K27 demethylase inhibitor, eff ectively targeted the CSC population derived from human A2780 OC cell lines by inducing cell death, disrupting self-renewal and tumor initiating capacity, while no toxic eff ects were evidenced in normal fi broblasts (81) . Using PTC-209 ( necroptosis independent from apoptosis-mediated cell death (82) . Necroptotic cell death provides an alternative strategy to target chemoresistant OCSCs that are characterized by impaired apoptotic pathways. Th e expression and activity of ALDH1A1 alone or in combination with other CSC-related markers (CD133) has been linked to CSC maintenance and survival. In addition, our previous data indicated that residual tumors from platinum sensitive ovarian orthotopic xenograft models were highly enriched in CSCs positive for ALDH activity (79) . Th is evidence led us to test a novel potent ALDH1A1 inhibitor (CM037; (ethyl-2-((4-oxo-3-(3-(pryrrolidin-1-yl) propyl)-3,4-dihydrobenzo [4, 5] thioeno [3,2-d]pyrimidin-2-yl)thio)acetate)) identifi ed through high-throughput screening of the ChemDiv library (53). Treatment with CM037 (Table 2 ) eff ectively blocked ALDH1A1 activity as measured by fl ow cytometry, and dose response experiments demonstrated a relative decrease in OC spheroids formation as a consequence of CSC depletion. Further, in vitro studies demonstrated a sensitization of OC spheroids to platinum treatment, indicating that ALDH1A1 is a possible therapeutic target in combination with platinum treatment.
Transcriptome analyses generated accumulating evidence of specifi c signaling pathways enriched in CSCs in comparison with non-CSCs. One study reported upregulation of homologous recombination DNA repair and anti-apoptotic signals in CA125-negative stem-like cells (83) . Th is subpopulation enriched in carboplatin-resistant OCSCs overcame apoptotic processes by increasing cellular inhibitor of apoptosis 1 (cIAP)-mediated DNA repair mechanisms. By using birinapant (Table 2) , a compound that binds to cIAP and targets it for degradation, apoptotic processes were restored and CA125-negative cells were sensitized to carboplatin leading to tumor regression in PDX mouse models. Moreover, the study increased awareness of the existence of CA125 negative OC cells as highly tumorigenic resistant stem like cells. Although carboplatin treated mice had undetectable level of CA125 immediately post chemotherapy despite the presence of residual tumors, off -treatment CA125 level were increased in carboplatin treated mice, suggesting the necessity to characterize more reliable biomarkers able to identify the residual therapy-resistant CA125-negative cell populations.
Another report showed increased stemness profi le of CD24 + OC cells, which also display increased p-Stat3 activation (84) . Inhibition of the upstream STAT regulator JAK2 using TG101209 (Table 2) induced preferentially the death of CD24 + cells, which in turn reduced metastases in OC mouse models and prolonged animal survival. Using the JAK2-specifi c inhibitor CYT387 (Table 2) in combination with paclitaxel, a reduction of tumor burden was observed in xenografts (85) . Th e JAK2 inhibitor overcame the eff ects of paclitaxel, which by itself induced Oct4 and CD117 markers' expression in OCSCs resistant to treatment. Moreover, a newly developed ATP-competitive JNK pathway inhibitor (AS602801, Table 2 ) tested in phase II trial for the treatment of endometriosis was tested in OC and other cancer models, such as pancreatic cancer, non-small cell lung cancer and glioblastoma (86) . When tested in mice, AS602801 was shown to interfere with CSCs self-renewal with concomitant reduction in Sox2, Nanog, and Bmi1 expression and tumor growth, thus providing the rationale for clinical development.
Metabolic pathways fueling the growth of cancer cells have been subject to active research during the last few years (87) . Tumor cells display signifi cant alterations of cellular metabolism with an increase in glucose uptake, glutamine consumption, and lipid biosynthesis. Th ese steps are essential to provide energetic support for the increased rates of cancer cell growth, proliferation and survival. In a recent study, we identifi ed and characterized lipid unsaturation in ovarian CSCs compared to non-CSCs by chemical imaging of single living cells using hyperspectral stimulated Raman scattering (SRS) microscopy (64). Use of lipid desaturases inhibitors (Table  2) signifi cantly disrupted stem cell characteristics in vitro and in vivo, including inhibition of sphere formation and tumor initiation, demonstrating a critical role of lipid desaturases in maintaining the CSC population and suggesting a potential new therapeutic approach targeting OCSCs.
It is known that type 2 diabetes, associated with altered glucose metabolism, has a negative impact on the survival of OC patients (88) . However, it has been reported that OC patients receiving metformin treatment for diabetes have improved outcomes as compared with those receiving other anti-glycemic drugs (89). Buckanovich's lab has tested the eff ect of metformin (Table 2 ) alone or in combination with cisplatin on OC both in vitro and in vivo. Results showed that use of 1mM metformin decreases ALDH + OCSCs population in SKOV3 and A2780 cell lines and ALDH + tumor sphere formation from cell lines or patient specimens (90) . Combination of metformin and cisplatin slowed tumor growth in mice, which led to prolonged survival, as compared to animals treated with monotherapy. Even when used alone, metformin decreased tumor growth and reduced ALDH + OCSCs in tumors. Other reports showed that when used at lower doses (0.03-0.3 mM range), metformin did not impact cell proliferation but retained its ability to reduce OCSCs population, as measured by frequency of cells harboring CD44 + CD117 + markers (91) . It has been proposed that this metabolic modifying agent also inhibits EMT, reduces the expression of survivin, thereby potentiating the eff ects of cisplatin. In all, compared to other CSC markers with no clear functional roles, and widely expressed in both cancer and normal cells (92, 93) , the unique signature of CSC metabolism could identify more stable stem cell markers, providing new promising approaches to target resistant CSCs.
CONCLUSIONS
Development of therapies targeting OCSCs have garnered increased interest in recent years (94) . New research eff orts concentrate on developing novel therapeutics targeting OCSCs ranging from high throughput screening of chemical compounds (95, 96) to stem cell signaling inhibitors proposed to increase sensitivity to standard cytotoxics (97) .
It is anticipated that a multi-targeted approach will be more successful in eliminating treatment resistant OCSCs and improve clinical outcomes (76 
